Purpose The aim of this study was to explore the cutaneous vascularization of the hypothenar region and investigate the anatomical basis for perforator propeller flaps for coverage of the flexor aspect of the little finger. Methods The area between the pisiform and the base of the little finger was studied in 14 hands of fresh cadavers injected with red latex. An oval flap 1.5 cm large was raised along the axis between these two points. Perforators going into the flap were dissected up to their origin from the ulnar palmar digital artery of the little finger, and their distance from the proximal edge of the A1 pulley was recorded. Results The mean number of perforator arteries entering the flap was 5.8 (range 4-8). A constant sizeable perforator was identified within 0.7 cm from the proximal margin of the A1 pulley in all 14 specimens. In the majority of cases (64 %), the most distal perforator was located at this level. Dissection of the flap was carried out suprafascially on the most distal perforator and 180°rotation allowed the flap to reach the flexor surface of the fifth finger. The donor site was closed primarily. Conclusion Distal perforators of the ulnar palmar digital artery of the little finger are constantly found. Our anatomical findings support the possibility of raising a propeller perforator flap from the hypothenar region for coverage of the flexor aspect of the little finger. Its clinical application could provide a quick and straightforward single-stage option with a negligible donor-site morbidity for reconstruction of such defects.
Introduction
Soft tissue defects of the palmar aspect of the little finger are relatively frequently encountered in clinical practice as a result of trauma, Dupuytren or scar contracture release. Their coverage is a challenging problem, and local reconstructive options are limited. The cross-finger flap has the disadvantage of being a two-stage procedure, and to carry a significant donor-site morbidity. Reverse flaps from the hypothenar region have been described [7, 10, 11] but require sacrifice of the ulnar palmar digital artery of the little finger. A retrograde neurocutaneous flap of the dorsal branch of the ulnar nerve, as described by Casoli et al. [1] , only reach the proximal phalanx of the little finger.
Local perforator flaps have recently gained popularity due to flexibility in their design and low donor-site morbidity.
The rich vascular network of the hand suggests that constant perforator vessels are likely to exist in the hypothenar region, which could supply perforator flaps.
The aim of this study was to explore the cutaneous vascularization of the hypothenar region and investigate the anatomical basis for perforator propeller flaps for coverage of the flexor aspect of the little finger.
Materials and methods
Fourteen amputated hands of fresh adult cadavers (8 males and 6 females) were used. Red latex was injected into the axillary artery. The area between the pisiform and the base of the little finger was studied. An oval flap 1.5 cm large was designed along the axis between these two points. An exploratory incision was made on the medial border of the flap, and the flap was raised ulnarward in the suprafascial plane between the loose areolar tissue of the hypothenar eminence and the fascia overlying the abductor and flexor digiti minimi, superficially to the palmaris brevis muscle. Perforators going into the flap were carefully dissected under loupe magnification and their diameter measured with a mechanical caliber. Perforators larger than 1 mm were dissected up to their source vessels; the distance from their origin to the proximal edge of the A1 pulley was recorded. Smaller perforators were divided. The lateral border of the flap was then incised and dissection of the flap completed, basing it on the most distal perforator, and 180°rotation of the flap was performed to reach the palmar aspect of the little finger.
Results
The mean number of perforator arteries larger than 1 mm (range 1-1.2 mm) entering the flap was 5.8 (range [4] [5] [6] [7] [8] . Three to six most distal perforators originated from the ulnar palmar digital artery of the little finger, while one to two proximal perforators had an intramuscular or septocutaneous course and originated from the ulnar artery or its deep branch (Fig. 1) . The distance from their origin to the proximal margin of A1 pulley ranged between 0 and 5 cm. In 9 out of 14 hands (64 %), the most distal perforator arose from the ulnar palmar digital artery of the little finger at the proximal margin of the A1 pulley, while in the remaining 5 specimens (36 %), the most distal perforator was located within 0.7 cm from this point. At least one perforator larger than 1 mm was then present in every specimen within 0.7 cm from the proximal margin of the A1 pulley (Fig. 2) , and the mean number of perforator arteries within 1 cm from this point was 1.6 (range 1-2) (Fig. 3) . Rotating the flap 180°with the pivot point at the origin of the most distal perforator allowed in every case to reach the distal interphalangeal joint, and when the most distal perforator was identified at the proximal margin of the A1 pulley, the flap reached the distal phalanx. The donor site was always closed primarily.
Discussion
The rich vascular network of the hypothenar region has raised the interest of several authors, who explored its potential as donor site for local or free flap for hand defect coverage. An hypothenar fat pad flap for recalcitrant carpal tunnel was described by Plancher et al. [14] . Kinoshita et al. [6] and Kojima et al. [7] , respectively, provided anatomical studies and clinical series for a subcutaneous pedicle flap and a reverse vascular pedicle hypothenar island flap. Omokawa et al. [11, 12] identified the constant vascular supply of the distal half of the ulnar aspect of the hypothenar eminence from the ulnar palmar digital artery In recent years, local perforator flaps have become popular, allowing a greater freedom in flap design while minimizing donor-site morbidity. The possibility of raising perforator flaps from the hypothenar eminence has been addressed by several authors in anatomical studies and small clinical series [5-7, 10-12, 14-16] .
Hwuang et al. [5] investigated the anatomical basis for a perforator flap from the proximal part of the hypothenar eminence, and described a constant cutaneous perforator of the ulnar artery, situated 2 ± 0.7 cm from the pisiform.
Uchida et al. [16] introduced the distal base ulnar palmar digital artery perforator flap. In their anatomical study on 10 hands, they investigated the perforators at the level of the distal palmar crease. They noted that perforators were often seen near the metacarpophalangeal joint (MCP) of the fifth finger, which was chosen as landmark, and at least one perforator was found within 9 mm from the MCP joint.
In our study, the proximal edge of the A1 flexor pulley was chosen as anatomical landmark, to allow for a more precise measurement and a better anatomical description. Inclusion of the distal palmar crease in the raised flap hindered use of this skin landmark; furthermore, surface landmarks studied on cadavers require clinical proof of efficiency [4] . The proximal margin of the A1 pulley was considered an accurate landmark, whose relationship with skin surface has been extensively investigated. Wilhelmi et al. [17] and Fiorini et al. [4] demonstrated that the distance between the digital palmar and proximal interphalangeal crease corresponds to the distance of the proximal edge of the A1 flexor pulley from the palmar digital crease in the fingers. Of note, the proximal margin of the A1 pulley has been reported to be a few millimeters distal to the distal palmar crease [9] .
Uchida et al. [16] also report a single case of Dupuytren contracture of the fifth finger, in which a distally based flap from the ulnar aspect of the distal palm was transposed to the palm after contracture release. The flap was based on perforators, but raised on a subcutaneous pedicle.
Panseet and Sahasrabudhe [14] recently published a preliminary report on the ''ulnar digital artery perforator flap'' on four cadaver limbs and three patients. A flap based on a single distal perforator of the ulnar palmar digital artery of the little finger was raised and rotated 180°to cover defects of the flexor surface of the little finger. Three to four perforators supplying the flap were identified from the underlying digital artery; in their small clinical series, they found a perforator 3-5 mm distal to the distal palmar crease. Perforators near the MCP joint, distal to the distal palmar crease, had a larger caliber on visual inspection, although diameter has not been recorded.
Our study provides further insight into the anatomical basis of such perforator flaps, and confirms the constant and reliable vascular supply from the ulnar palmar digital artery of the little finger. However, we moved the flap radially on the hypothenar region, without impairing the vascular supply, to avoid scars on the ulnar border of the hand, which represents a contact area.
A constant sizeable perforator was identified within 0.7 cm from the proximal margin of the A1 pulley in all 14 specimens. Of note, in the majority of cases (64 %) the most distal perforator was located at this level (Fig. 3) .
Perforators from the ulnar palmar digital artery of the little finger have been reported to supply the distal half of the hypothenar eminence [12] , and concerns on pedicle reliability could be raised due to the eccentric position of the perforator supplying the flap.
Traditional width-to-length ratio for fasciocutaneous flaps are not directly applicable to perforator flaps, which are not random flaps and show a completely different setting [3] .
Perforators larger than 0.5 mm are generally believed to adequately supply a perforator flap. In an anatomical study by Morris et al. [8] , the authors dissected perforators supplying the skin and defined 61 vascular territories based on perforators greater than 0.5 mm in diameter. In the extensive experience of Ono et al. [13] in perforator surgery, a diameter greater than 1 mm can supply flaps extending beyond the borderline of the original territory off of which the perforator branches. Due to the eccentric position of the perforator in the flap described, only perforators larger than 1 mm were analyzed, which are likely to guarantee a reliable vascular inflow to the flap. In our opinion, the constancy of perforators of such a large caliber is of great clinical importance; this anatomical findings support the possibility to base the flap on a perforator rather than a subcutaneous pedicle, and safely extend freedom of movement and indications of the flap described by Uchida et al., who do not report on the caliber of the perforators, to reach more distal defects of the palmar surface of the little finger. Furthermore, very large free perforator flaps as DIEP and ALT flaps can be harvested on a single perforator and are routinely used in clinical practice, and the same principle can be applied to much smaller pedicled perforator flap. According to D'Arpa et al. [2] , the possibility of achieving donor-site closure should be the main concern about pedicled perforator flaps dimension, rather than concerns about flap perfusion.
Our anatomical findings support the possibility of raising a propeller perforator flap from the hypothenar region based on distal perforators of the ulnar palmar digital artery of the little finger. Its clinical application could allow coverage of the flexor aspect of the little finger with a thin and pliable coverage and a good colour and texture matching, at the expense of a negligible donor-site morbidity. Future clinical application is desirable and could provide a quick and straightforward single-stage option for reconstruction of such defects.
Unfortunately, this cadaveric study did not evaluate the venous supply to the flap. It is advisable that future clinical studies will investigate the constancy and caliber of venous perforators, to verify the reliability of venous drainage, allow skeletization of the pedicle and improve freedom and safety of the flap. Based on available anatomical data, we advice to verify the numbers and caliber of venous perforators through the exploratory incision, and leave a cuff of adipose tissue around the pedicle in case they are not judged adequate, to ensure venous outflow.
